Macrophages play an important role in the pathogenesis of COPD. Macrophage polarization towards the M2 phenotype has been observed in the lung tissues of COPD patients and cigarette smokers. The molecular basis of this process remains unclear, and it has not been completely illuminated in animal models of emphysema. In our study, we combined cigarette smoke (CS) exposure with intraperitoneal injection of cigarette smoke extract (CSE) to build an emphysema model. We found by immunohistochemical staining and flow cytometry that the expression level of CD206 and the ratio of M2 to M1 macrophages was increased in emphysematous mice. We also demonstrated that decreased protein level for phosphatase and tensin homology deleted on chromosome ten (PTEN) and increased total protein levels for phosphorylation -protein kinase B (p-AKT) in the lung tissue of emphysematous mice and in CSE-treated RAW264.7 cells. In both bone marrow-derived macrophages (BMDMs) from emphysematous mice and CSE-treated RAW264.7 cells, we observed by RT-PCR that the mRNA levels of M2 macrophage-related markers and cytokines were increased. Furthermore, M1 macrophage-related markers and cytokines were decreased. Meanwhile we treated BMDMs from emphysematous mice and CSE-treated RAW264.7 cells with the phosphoinositide 3-kinase (PI3K)/Akt inhibitor (LY294002), we observed a reduction in RNA levels of M2 macrophage-related markers and cytokines. In conclusion, we confirmed that macrophage M2 polarization was induced in emphysematous mice generated by CS exposure combined with intraperitoneal injection of CSE. We also showed that M2 polarization was mediated through PTEN/PI3k/AKT pathway activation.
Introduction
Chronic obstructive pulmonary disease (COPD), one of the world's three major causes of mortality, places a heavy burden on affected societies and is a serious threat to the quality of human life. COPD is characterized by chronic airway inflammation and emphysematous alveolar destruction, which results in high levels of morbidity and mortality, and may develop into pulmonary heart disease, respiratory failure and even cancer [1] [2] [3] . Emphysema is the main pathological feature of COPD. A variety of risk factors can lead to COPD. Smoking has been considered an important COPD risk factor [4] , although its pathogenesis requires further study. In most patients, cigarette smoke is the initial trigger for the activation of cells of the innate immune system. Studies analysing lung tissue and airway secretions from COPD patients have demonstrated increased numbers and/or altered activation of cells of both the innate and adaptive immune systems [5] . The number of macrophages is increased in lung tissue obtained from COPD patients, and the number of macrophages is associated with the severity of COPD [6] . Studies that have investigated alveolar macrophage gene expression in COPD concluded that expression of genes related to M1 polarization is decreased in smokers and that there may be an unusual M2 polarization programme in these cells [7] . In patients with COPD, there was a significant negative correlation between the number of CD163+, CD204+ or CD206+ alveolar macrophages and the predicted forced expiratory volume per second [8] .
These and other studies on macrophage polarization in patients with COPD have yielded conflicting results and suggest that the concept of development of M1 and M2/ M2-like macrophages may be an oversimplification [9, 10] . Plasticity is a distinct feature of macrophages, dividing them into two subpopulations. Classically activated macrophages (M1) defend the host from exogenous microbes, fight against tumours and produce large amounts of inflammatory cytokines such as tumour necrosis factor-a (TNF-a), interleukin (IL)-6 and IL-12. M1 macrophages are usually activated by interferon-c (IFN-c) and microbial stimuli such as lipopolysaccharide (LPS). They are also characterized by high expression of major histocompatibility complex class II (MHC II) [11, 12] . Conversely, alternatively activated macrophages (M2) display antiinflammatory properties and have been implicated in debris scavenging and tissue repair [13] . M2 macrophages produce high levels of IL-10 and transforming growth factor-b (TGF-b). They are also characterized by high expression of the mannose receptor (CD206) and scavenger receptor (CD163) [14] .
The network of molecular mediators that regulate M1/ M2 polarization in response to various stimuli is incompletely understood. However, several signalling pathways have been implicated in this process, with the Janus kinase/ signal transducer and activator of transcription (JAK/ STAT) signalling network being one of the major identified mediators of polarization [15] . Further studies also demonstrated that the STAT6 [16, 17] and PI3K/Akt [18, 19] signalling pathways can lead to macrophage polarization. Although macrophage polarization to the M2 phenotype has been observed in COPD, the molecular basis of the process remains unclear. So our study was to determine whether emphysematous mice, induced by combining CS exposure with intraperitoneal injection of CSE, showed M2 macrophage phenotype gene expression profiles. We also tested whether CSE could stimulate macrophage transformation towards the M2 phenotype and characterized the corresponding mechanism by which this may occur.
Materials and methods
Animals. Twenty 6-week-old male C57BL/6 J mice (Wt: 20.12 AE 1.86 g) were enrolled in this study and divided randomly into two groups: the control group (n = 10) and a group subjected to CS exposure combined with intraperitoneal injection of CSE referred to as the model group (n = 10). All animals were purchased from Vital River Laboratory Animal Technology Company Ltd. (Beijing, China), and fed in a clean unit maintained at 23-25°C with 50-60% humidity and a 12-h (h) light/dark cycle. The animals were provided with free access to water and food. The Third Xiangya Hospital Experimental Animal Center of Central South University was responsible for feeding. The study was approved by the Institutional Review Board of Central South University and conformed to the guiding principles for research involving animals and human beings [20] .
Preparation of CSE. Cigarette smoke extract was prepared using a technique described previously [21] with the following modification. Briefly, one non-filtered FuRong cigarette (tar: 13 mg, nicotine: 1.0 mg, carbon monoxide: 14 mg/cigarette; China Tobacco Hunan Industrial Co. Ltd., Changsha, China) was burned, and the smoke passed through 4 ml of phosphate-buffered saline (PBS) by connecting to a vacuum pump with a constant pressure of À0.1 kPa. This solution was used for intraperitoneal injection after being passed through a 0.22-lm pore filter (Fisher Scientific International Inc., Hampton, NH, USA) to remove particles and bacteria. The solution was prepared fresh for each injection.
Animal model. We used the method of combining CS exposure with intraperitoneal injection of CSE to build a mouse model of emphysema. The total experimental period was four weeks. The glass box used for modelling was made in the laboratory and was 70 cm 9 50 cm 9 40 cm with 1-cm-diameter round holes occurring at a density of 1 hole per 100 cm 2 on the lid and 1 hole per 250 cm 2 on the four sides of the box. In the box, a partition with the same size holes occurring at a density of 1 hole per 6 cm 2 was placed in the middle, dividing it into two parts: the lower portion for burning cigarettes and the upper portion for animal exposure to the smoke. First, five cigarettes were burned at the same time, with the smoke lasting for 15 min. Second, the box was opened to let the animals rest for 5 min. Then, the first step was repeated. This process was referred to as one cycle of CS exposure, and the mice were exposed for two cycles/day for 28 days except on days 1, 12 and 23. The control group was fed in the Hospital Experimental Animal Center of Central South University. The intraperitoneal injection of CSE was established as previously described. On days 1, 12 and 23, animals in the control group were given an intraperitoneal injection of 0.3 ml/ 20 g PBS, whereas animals in the model group were given an intraperitoneal injection of 0.3 ml/20 g CSE-PBS. On day 29, the mice were subjected to lung function measurement and bronchoalveolar lavage (BAL), and lung tissue and BMDMs were collected.
Lung function measurement. Lung function was measured using a small animal spirometer (PLY3211 system; Buxco Electronics, Sharon, CT, USA) as previously described with a minor modification [22] . Briefly, each mouse was weighed, anesthetized by intraperitoneal injection of 10% chloral hydrate (3 ml/kg BW) and tracheostomized. The trachea was cannulated, and the cannula was connected to a computer-controlled small animal spirometer. Airway resistance (Raw), lung dynamic compliance (Cdyn), peak expiratory flow (PEF) and inspiratory time/expiratory time (Ti/Te) were measured.
Cell culture and generation of bone marrow-derived macrophages. The RAW264.7 and L929 cell lines were obtained from the American Type Culture Collection and grown in DMEM (Life Technologies, Carlsbad, California, USA) containing 10% (v/v) heat-inactivated FBS. The concentration of CSE interfering with RAW264.7 cells was 5% according to our previous experiment.
Bone marrow-derived macrophages (BMDMs) were established as previously described [23] . The femurs and tibias of the mice were flushed with ice-cold PBS in a glass culture dish. The bone marrow cells were collected after centrifugation at 350g for 10 min. The cells were then seeded into six-well plates (2 ml/well) at a density of 1-6 9 105 cells/ml in medium. Supernatant of L929 cells was added to the culture at a final concentration of 20 ng/ml. Cells were grown in DMEM containing 20% L929 cellconditioned medium, 10% heat-inactivated (HI)-FCS, 2 mM l-glutamine, 100 U/ml penicillin G and 100 mg/ml streptomycin. The cells were incubated at 37°C in a 5% CO2 incubator for 7-10 days. On day 7, the adherent cells were determined to be M0 macrophages.
Flow cytometry. Mouse lung alveolar macrophages were collected by fitting a venous indwelling needle into a mouse trachea. PBS was injected to wash the lung six consecutive times (0.8 ml/wash). Total bronchial alveolar lavages were collected and washed with PBS. The expression of surface markers was analysed using Abs specific for mouse CD206, CD86 and CD68 (all purchased from BD Pharmingen, San Jose, CA, USA). Corresponding fluorescence label-conjugated isotype controls were utilized in all experiments. In brief, cells were washed once in room temperature flow buffer (PBS supplemented with 1% (v/v) FBS and 0.05% NaN3) and once in ice-cold flow buffer, and cell staining was performed on ice. Samples were analysed using a BD Cyan flow cytometer using CellQuest software (BD Biosciences, San Jose, CA, USA). Further analysis was performed using FloJo software (Tree Star Inc., Ashland, OR, USA).
Histomorphology of lung tissue. The lower left lobes of lungs were inflated with 4% paraformaldehyde at a constant pressure of 25 cm H 2 O and then fixed with 4% paraformaldehyde for 24 h [24] . Fixed lung was embedded in paraffin (Sigma, Missouri, USA) and sectioned into 4-lm sections. The slices were stained with haematoxylin and eosin (H & E) (Sigma). Emphysema was quantified based on the measurement of the mean linear intercept (MLI), mean alveolar septal thickness (MAST) and destructive index (DI). The MLI, MAST and DI were measured as previously described [25] . Briefly, the MLI was measured by dividing the length of a line drawn across the lung section by the total number of intercepts counted within this line. The MAST was the thickness of the alveolar septum, including alveolar epithelial tissue and alveolar interval groups. The DI was calculated by dividing the defined destructive alveoli by the total number of alveoli.
Immunohistochemical staining. To block endogenous peroxidase activity, 5-lm-thick deparaffinized sections were incubated with 1% H 2 O 2 for 30 min at room temperature. Then, the lung tissues were incubated overnight at 4°C with anti-CD206 (Proteintech, Chicago, IL, USA). The samples were then washed extensively and incubated with the appropriate horseradish peroxidase-conjugated secondary antibodies for 1 h at room temperature. After removal of non-reacted secondary antibodies, the samples were incubated with a 3,39-diaminobenzidine-4HCl (DAB; Sigma, Missouri, USA)-H 2 O 2 solution to visualize immunolabeling. Some sections were then counterstained with haematoxylin and eosin and were mounted with a coverslip. The presence of CD206 was indicated by varying degrees of Ó 2017 The Foundation for the Scandinavian Journal of Immunology tan or brown granules or by the deposition of flakes, which were visualized by processing high-definition colour pathological images using Image-Pro Plus version 6.0 software for each section at high magnification. We randomly selected four or five images positive for TWEAK chip and assessed the integral luminosity values (IOD) and average optical density (AOD). Immunohistochemical analysis was performed using Image-Pro Plus software, version 6.0. Pharmacological inhibitor treatment. The PI3K inhibitor LY-294002 (Selleck, Houston, TX, USA) was used as previously reported [26] . The inhibitor was reconstituted in sterile DMSO and used at a concentration of 50 lM. DMSO at a concentration of 0.1% was used as the vehicle control. In all experiments with inhibitors, a tested concentration was used after careful titration experiments assessing the viability of the macrophages. The cells were plated in a 24-well plate with 40,000 cells per well for 24 h. Then, the cells were treated as described for the above groups for 48 h and then used for experimental analysis.
Quantitative real-time PCR. The total RNA was isolated using the TRIzol reagent (Takara, DaLian, LiaoNing, China) according to the manufacturer's protocol, and SYBR Green PCR Master Mix (Bio-Rad, California, USA) was used to detect the mRNA levels. The expression of selected mRNA was quantified by two-step quantitative real-time PCR (Applied Biosystems, Carlsbad, California, USA). The relative expression levels were determined by applying the DD cycle threshold method using b-actin as an endogenous control. The primer sequences were shown in Table 1 .
Western blot. Lung tissues and cells were homogenized manually in a glass homogenizer and lysed in RIPA lysate for 30 min on ice. Bicinchoninic acid assay (BCA) protein quantitation kit (Wellbio Inc, Changsha, China) was used for protein measurement. Protein (30-60 lg) was mixed 1:1 with 2 sodium dodecyl sulphate (SDS) loading buffer (20% glycerol, 4% SDS, 3.12% dithiothreitol, 0.2% bromophenol blue and 0.1 mol/l Tris-HCl, PH 6.8, all from Sigma) and incubated at 100°C for 4 min. Equal amount of proteins for each sample were separated by 10% SDS-polyacrylamide gel run at 120 V for 90 min and blotted onto a polyvinylidene difluoride microporous membrane (Millipore, Billerica, MA, USA). Membranes were incubated with diluted PTEN (Proteintech), AKT (Proteintech) and p-AKT (Abcam, London, UK) overnight at 4˚C and then washed for three times with Tris-buffered saline with Tween (TBS-T) and revealed using secondary anti-rat antibody with horseradish peroxidase conjugate (1:3000, 1 h) followed by washing with TBS-T again. Immunoreactive bands were developed using ECL chemiluminescent substrate (Thermo, Waltham, MA, USA). Statistical analysis. The results are presented as the mean AE SEM. The differences between groups were examined using Student's unpaired t-test, and we used the Pearson's correlation coefficient between groups to analyse the correlation. A P-value of 0.05 was considered statistically significant. GraphPad Prism software 6.0 (GraphPad Software, La Jolla, CA, USA) was used for statistical analysis.
Results

Model evaluation
Histomorphological changes in lung tissues from emphysematous mice induced by CS exposure combined with intraperitoneal injection of CSE included enlarged alveolar space, thinner alveolar septum and destroyed alveolar wall (Fig. 1A,B) . Moreover, the mean linear intercept (MLI) and destructive index (DI) in emphysematous mice increased, but mean alveolar septal thickness (MAST) was decreased when compared with the respective controls (P < 0.05, Fig. 1C ). Airway resistance (Raw) was also increased in emphysematous mice when compared with their respective controls (P < 0.05, Fig. 1D ). However, lung dynamic compliance (Cdyn), peak expiratory flow (PEF) and inspiratory time/expiratory time (Ti/Te) all decreased (P < 0.05, Fig. 1D ).
Macrophage changes in emphysema model mice
Immunohistochemical staining was performed to determine whether the expression level of CD206 in the lung Figure 3 Correlational analysis for lung function, degree of emphysema and the ratio of M2 to M1 macrophages in the alveolar lavage fluid of emphysematous mice. We analyse the relation of RAW, Cdyn, PEF, Ti/ Te, MLI, MAST, DI and the ratio of M2 to M1 macrophages by Pearson analysis.
Ó 2017 The Foundation for the Scandinavian Journal of Immunology tissue of the model group increased and was localized in the cell membrane ( Fig. 2A,B) . At the same time, we analyse the proportion of M1 and M2 macrophages in alveolar lavage fluid by flow cytometry using CD68 as the marker of macrophages, CD86 as the marker of M1 macrophages and CD206 as the M2 macrophage marker [27] . We found that compared with the control group, the ratio of M2 to M1 macrophages (CD68+ CD206+/CD68+ CD86+) in alveolar lavage from the model group increased significantly (P < 0.05, Fig. 2C,D,F) . Macrophages in our emphysema model mice induced by combining CS exposure with intraperitoneal injection of CSE tended to have the M2 phenotype.
Correlational analysis for lung function, degree of emphysema and the ratio of M2 to M1 macrophages in the alveolar lavage fluid of emphysematous mice By Pearson analysis, we found that the ratio of M2 to M1 macrophages in the alveolar lavage fluid of emphysematous mice had a positive correlation with Raw of lung function (Fig. 3A) and a negative correlation with Cdyn, PEF and Ti/Te (Fig. 3B-D) . We also discovered that the ratio of M2 to M1 macrophages in the alveolar lavage fluid of emphysematous mice had a positive correlation with MLI and DI (Fig. 3E,G) . However, it had a negative correlation with MAST (Fig. 3E) . 
Protein expression levels of PTEN and AKT in lung tissue and RAW264.7 cells
The protein expression levels of PTEN, t-AKT and p-AKT in lung tissue and RAW264.7 cells were analysed by Western blotting. The results showed that compared with the control group, the protein expression levels of t-AKT in the lung tissue of emphysematous mice and CSE-treated RAW264.7 cells were not significant different (p>0.05, Fig. 4 ), but the protein expression levels of p-AKT in the lung tissue of emphysematous mice and CSE-treated RAW264.7 cells were increased dramatically, and the expression levels of PTEN were decreased (P < 0.05, Fig. 4 ).
The influence of CSE and PI3K inhibitors on macrophage polarization in BMDMs and RAW264.7 cells
To confirm the role of the PTEN/PI3k/AKT signalling pathway in macrophage polarization, BMDMs from model group and CSE-treated RAW264.7 cells were treated with the PI3K phosphorylation inhibitor LY-294002 (50 lM) and compared with untreated DMSO vehicle controls. The effects of CSE and LY-294002 on macrophage polarization were evaluated using RT-PCR analysis to measure the RNA expression levels of M1 and M2 macrophage selective markers and cytokines (Table 1) . Inducible nitric oxide synthase (iNOS) and TNF-a were measured to identify M1 macrophages, whereas CD206, arginase 1 (ARG1), chitinase-like secretory lectin Ym1, resistin-like-a (Fizz1) and IL-10 were used to identify M2 macrophages. Our results showed that for M2-associated markers, the RNA expression levels of CD206, ARG1, Ym1, Fizz1 and IL-10 were higher in both BMDMs from model group and CSEtreated RAW264.7 cells than the control group (P < 0.05, Figs. 5 and 6) . Moreover, the RNA expression levels of TNF-a and IL-6 also increased, whereas the RNA expression level of iNOS decreased (P < 0.05, Figs. 5 and 6). When BMDMs from model group were treated with LY-294002, the RNA expression levels of CD206, ARG1, Ym1 and Fizz1 were decreased (P < 0.05, Fig. 5 ), while the RNA expression level of iNOS increased (P < 0.05, Fig. 5 ). However, there were no changes in the expression levels of IL-10 and IL-6 (P > 0.05, Fig. 5 ). In CSE-treated RAW264.7 cells, the changes in the RNA expression levels of CD206, ARG1, Ym1, Fizz1 and iNOS were the same as those in BMDMs from model group treated with LY-294002 (P > 0.05, Fig. 6 ), while the RNA expression levels of IL-10 and IL-6 were decreased (P > 0.05, Fig. 6) , and TNF-a did not change (P > 0.05, Fig. 6 ).
Discussion
Our present study firstly used the method of combining CS exposure with intraperitoneal injection of CSE to build a mouse model of emphysema and showed that combined CS exposure with intraperitoneal injection of CSE could induce emphysema, which manifested itself in the form of decreased lung function, enlarged alveolar space, thinner alveolar septum and destruction of the alveolar wall. Pulmonary function is an important criterion for the evaluation of an emphysema model. There is a global strategy for the diagnosis and classification of COPD in humans [28] , but not for animal emphysema or COPD. The present study showed that pulmonary function tests may be less sensitive than morphometry. Ochs M. suggested that quantitative assessment of microstructure was the only way to reliably demonstrate the presence of emphysematous alterations [29] . According to the American Thoracic Society, emphysema is defined as 'abnormal, permanent enlargement of the airspaces distal to the terminal bronchiole, accompanied by destruction of their walls' [30] . This widely accepted definition was fulfilled in our experiments that combined CS exposure with intraperitoneal injection of CSE to induce emphysema. Using these criteria, we interpret our emphysema model building to have been a success. Emphysema animal model has been established by exposure to smoking [31] , intranasal instillation of elastase [32] , intranasal instillation of LPS [33] , exposure to sulphur dioxide [34] , inhalation of ovalbumin dry powder [35] , intravenous injection of hyaluronidase [36] , genetic manipulation [37] , and intraperitoneal injection with xenogeneic endothelial cells [38] , and intraperitoneal injection with CSE [39] . Our new modelling method needed less time, but the mechanism of it needs to be elaborated, and the study on the comparison of various models is needed, which is performed by our team.
Macrophages from different tissues exhibit different phenotypes. In this study, we found that BMDMs obtained Table 1 Primer sequences of the genes investigated in RT-PCR analysis.
Gene
Primer sequences
The Foundation for the Scandinavian Journal of Immunology from emphysema model mice as well as CSE-treated RAW264.7 cells demonstrated increased expression of CD206, ARG1, Ym1, Fizz1 and IL-10 and decreased iNOS, which implied that M1-like macrophage function was reduced and/or M2-like characteristics were increased in emphysema model mice and CSE-treated RAW264.7 cells. Previous work has suggested that the ratio of M1 to M2 macrophages following monocyte polarization can determine the severity and progression of inflammatory disorders [40, 41] . Our study also shows that the increasing proportion of M2 to M1 macrophages correlates with the increase of Raw, DI and MLI. This implies that the increasing proportion of M2 macrophages may lead to worse lung function and a higher degree of emphysema. Alveolar macrophages that have an M2-like phenotype play a role in a emphysematous condition [42] , which may also contribute to fibrotic pathology [43] via increased production of TGFb, CCL18, resistin-like secreted protein, and which is found in inflammatory zone (FIZZ1, also known as resistin-like-a) and chitinase-like secretory lectin YM1. FIZZ1 and YM1 are both involved in extracellular matrix dynamics. Furthermore, increased L-arginine metabolism Figure 5 RNA levels of cytokines and markers expressed by M1/M2 macrophages in BMDMs from control group, model group and PI3K inhibitor treating model group. PI3K:PI3K inhibitor-treated BMDMs from model group (n = 3 biological replicates). *P < 0.05, versus the control group, **P < 0.05, versus the model group. All experiments were performed two or more times. Data are mean AE SEM.
generates polyamines and proline, which are precursors of collagen synthesis [44] . Additionally, M2 macrophages may produce excess MMP1 and MMP12, which contribute to the structural changes that occur in emphysematous lungs. Therefore, while macrophage polarization may contribute to disease, the question remains of whether these roles are transient or maintained. Impaired alveolar macrophages (AM) function also correlates with high colonization rates and increased susceptibility to symptoms observed in COPD. It is not clear whether this is related to M2 or M2-like macrophages and their decreased phagocytic activity, which leads to declined efferocytosis. The inability to efficiently remove exhausted neutrophils has damaging implications in COPD, as accumulation of necrotic neutrophils can lead to the indiscriminate release of granule protease pools including the neutrophil elastase. Previous study showed biological actions of peroxisome proliferator-activated receptor-c (PPAR-c) agonists on corticosteroid-resistant disease, tobacco smoke-induced pulmonary inflammation, skewing of macrophage phenotype and clearance of apoptotic neutrophils in COPD macrophages [45] . In our study, we did not elaborate the role of the M2 macrophages in COPD, and nextly, it is therefore necessary for us to study biological role of M2 macrophages and the corresponding mechanism and function of this process in COPD, including airway remodelling, destruction of lung parenchyma, fibrosis, efferocytosis and so on.
In the mean while, we found that there was an accumulation of airway macrophages that did not conform to the classic M1 and M2 dichotomy. Compared with control group, CD68+ CD86+ CD206+ cells that did not conform to the classic M1 and M2 dichotomy were increased. But the importance of these subpopulations is Figure 6 RNA levels of cytokines and markers expressed by M1/M2 macrophages in RAW264.7 cells from control group, cigarette smoke extract (CSE)-treated group and PI3K inhibitor-treated group. CSE: 5% CSE interfering with RAW264.7 cells. PI3K: PI3K inhibitor interfering with CSE-treated RAW264.7 cells (n = 3 biological replicates). *P < 0.05, versus the control group, **P < 0.05, versus the CSE group. All experiments were performed two or more times. Data are mean AE SEM.
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Our study demonstrated macrophage polarization in emphysema model mice generated by CS exposure combined with intraperitoneal injection of CSE. Activation of the PI3K pathway controls production of transcriptional factors that regulate key inflammatory cytokines such as arginase-1 and IL-10 and inhibit the production of pro-inflammatory markers [18] . Our results also showed that there was notably increased p-Akt expression and decreased PTEN expression in the lung tissue of emphysematous mice and CSE-treated RAW264.7 cells, and by inhibiting PI3K/Akt with LY294002, which can dramatically downregulate the expression of M2 macrophage polarization markers and cytokines. However, the markers were not suppressed completely. In BMDMs, there were no changes in the expression levels of IL-10 and IL-6. In CSE-treated RAW264.7 cells, TNF-a expression also did not change. Previous studies have shown that inhibition of either PI3K or mTOR results in M1 macrophage polarization, demonstrating the importance of this pathway for the polarization of monocytes [18, 46] . Another study also suggested Akt-mTORC1 signalling calibrates metabolic state to energetically demanding aspects of M2 activation, which may define a new role for metabolism in supporting macrophage activation [47] . Although it seems that activation of the PI3K/Akt signalling pathway is not the exclusive mechanism at work, it is clear that PTEN/ PI3K/Akt is involved in the macrophage polarization in our emphysema model system, BMDMS derived from emphysematous mice and CSE-treated RAW264.7 cells. However, we have not observe the role of PI3K inhibitors in the animal experiment of COPD, and its role needs to be further confirmed in animal models.
In conclusion, we used the method of CS exposure combined with intraperitoneal injection of CSE to successfully build a mouse model of emphysema. Our findings clearly show that in our mouse model of emphysema, the phenotype of the examined macrophages shifted in the direction of the M2 activation profile. CSE also stimulated the macrophages towards the M2 phenotype. PTEN/PI3K/AKT activation is a possible mechanism for M2 polarization and may partially account for the pathogenesis of emphysema and the initiation, progression and deterioration that occurs in smokingrelated COPD. PTEN/PI3K/AKT may be used as an emphysema therapy target.
